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CLAIMS 

We claim: 


1 1 . AJ barrier layer for use in combination with a conductive layer, said barrier layer 

2 having Vparticular structure comprising: 

3 a) a xirst layer of TaN x having a thickness ranging from greater than about 10 A 

4 to about 1,000 »A; and 

5 b) a seconodayer of Ta overlying said first layer and having a thickness ranging 

6 from about 5 A to abckit 500 A. / 


0 \ / 

1 \ / 

1 ^ 2. The barrier layer of Claini/l, wt erein the conductive layer is copper. 

yj /\ 

m / \ ^ 

H / 
IS 3. The barrier layer of (^jpa^lvwlierein said barrier layer is used in an interconnect 

2 - structure, and whereiiVthe thicknes J oKsaid TaN x layer ranges from about 50 A to about 
M 8 7 \ 

3 \U 1,000 A and the thickness of said Ta layekranges from about 20 A to about 500 A. 

M* / \ 

« \ 


5 vj 4. The barrier layer of Claim 1, wherein said bamer layer is used in a contact via 

6 structure, and wherein the thickness of said TaN x layer ranges from about 10 A to about 

7 300 A and the thickness of said Ta layer ranges from aoout 5 A to about 300 A. 

1 5. The barrier layer of Claim 2, or Claim 3, or Claim 4, wherein x ranges from about 0.1 

2 to about 1.5. \ 
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6. \k copper interconnect structure comprising the barrier layer of Claim 2 and an 
overlyhm copper layer, wherein the Cu {111} crystallographic content of said overlying 
copper layerlsvat least 70% oMhe Cu {111} crystallographic content which can be 


obtained using a purbsTa bamer 


7. A copper contact viayComprii 


layer which is about 500 A thick. 


icture including the barrier layer of Claim 2 and a 
copper fill, wherekrffiB copper fiH laybr Cu {111} crystallographic content is at least 
70% of the Cu {Vyi } crystallograbhic contort which can be obtained using a pure Ta 
barrier layer which is about 250 A thick. 



8. A method of producing a barrier laygr useful in combination with a conductive layer, 
said method comprising the steps of: 

a) depositing a first layer of /aN x having a thickness ranging from greater than 
about 10 A to about 1,000 A; and 

b) depositing a second lgyer of Ta having a thickness ranging from^about 5 A to 
about 500 A. 

9. The method of Claim 8f, wherein the conductive layer is copper. 


10. The method of Claim 8, wherein said first layer of TaN x is deposited upon a 
substrate having a substrate temperature ranging from about 25 °C to about 500°C. 


11. The method of Claim 8, wherein said second layer of Ta is deposited upon a 
substrate having a substrate temperature ranging from about 25 °C to about 500°C. 
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1 12. The method of Claim 8, wherein 


2 structure, and wherein the thickness < >f said TaN x layer ranges from about 50 A to about 


3 I/-) 1,000 A and the thickness of said Ta 

6 


said barrier layer is used in an interconnect 


ayer ranges from about 20 A to about 500 A. 


A 3 / 

1 / 13. The method of Claim 8, wherein said barrier layer is used in a contact via structure, 

2 and wherein the thickness of said TaNA layer ranges from about 10 A to about 300 A and 

3 the thickness of said Ta layer ranges from about 5 A to about 300 A. 

1 14. The method of Claim 8, or Claim 12, or Claim 13, where x ranges from about 0.1 to 

2 9 about 1.5. 


1 15. The method of Claim 8, wherein at least a portion of said Ta layer is deposited using 

2 Q a traditional, standard sputtering technique. 

1 FU 16. The method of Claim 12, wherein at least a portion of said Ta layer is deposited 

2 y3 using a traditional, standard sputtering technique. 

1 ^ C met k oc * °f Claim 8, wherein aft least a portion of the TaN x layer is deposited 

using a traditional, standard sputtering technique. 

1 18. The method of Claim 8, wherein at least a portion of said Ta layer is deposited using 

2 ion-deposition sputtering. 

1 19. The method of Claim 13, wherein at least a portion of said Ta layer is deposited 

2 using ion-deposition sputtering. 
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1 20. The method of Claim 8, wherein at least a portion of the TaN x layer is deposited 

2 using ion-deposition spuraeirng. 

1 21 . A method of producing a copper interconnect structure comprising the barrier layer 

2 of Claim 1 and an overlying copper layer, wherein the Cu {111} crystallographic content 

3 y ^\of said overlying copper layfer is at least 70 % of the Cu {111} crystallographic content 

4 f I / which can be obtained by depositing said copper layer using a pure Ta barrier layer 

5 / which is about 500 A thick, said method comprising the steps of: 

6 M a) depositing a first layer of TaN x having a thickness ranging from greater than 

7 about 50 A to about 1,000 A; 

8 Ul b) depositing a second layer of Ta having a thickness ranging from about 5 A to 

9 Q about 500 A over the surface of said first layer of TaN x ; and 

10= c) depositing a third layer of copper over the surface of said second layer of Ta, 

1 1 fU wherein at least a portion of said third layer of copper is deposited using a physical vapor 

12yp deposition technique, and wherein the substrate temperature at which said third layer of 

13-~j copper is deposited is less than about 500°C. 

1 22. The method of Claim 21, wherein said copper interconnect structure is annealed at a 

2 temperature of less than about 500°C. 
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1 23. A method of producing a copper-comprising contact via structure comprising the 

2 barrier layer of Claim 1 and an overlying copper layer, wherein the Cu {111} 

3 crystallographic content of paid overlying copper layer is at least 70% of the Cu {111} 

4 crystallographic content which can be obtained by depositing said copper layer using a 

5 pure Ta barrier layer which is about 300 A thick, said method comprising the steps of: 

6 ^^JQ a) depositing a first layer of TaN x having a thickness ranging from greater than 

7 ^(j^^ ouX 10 ^ to about 300 A; \ 

8 / b) depositing a second layer of Ta having a thickness ranging from about 5 A to 

9 about 300 A over the surface of said first layer of TaN x ; and 

10 ™ c) depositing a third layenof copper over the surface of said second layer of Ta, 
11^ wherein at least a portion of said ihird layer of copper is deposited using a physical vapor 
\2Y} deposition technique, and whereintthe substrate temperature at which said third layer of 
13M copper is deposited is less than about 500 °C. 

1 fy 24. The method of Claim 23, wherein said contact-comprising structure is annealed at a 

2 y3 temperature of less than about 500°C. 

1 25. The method of Claim 23, wherein said copper layer is deposited at a temperature of 

2 less than about 300 °C. 

1 26. The method of Claim 25, wherein said structure is annealed at a temperature of less 

2 than about 500 °C. 
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ypet-i 


27. A method of producing a copper-comprising contact structure including the barrier 
layer of Claim 1 and an overlying copper layer, wherein the Cu {111} crystallographic 
content of said overlying copper layer is at least 70% of the Cu {111} crystallographic 
content which can be obtained by depositing said copper layer using a pure Ta barrier 
layer which is about 300 A thick/ said method comprising the steps of: 
iXjX a) depositing a first layeij of TaN x having a thickness ranging from greater than 

\ibout 10 A to about 300 A; 
/ b) depositing a second |ayer of Ta having a thickness ranging from about 5 A to 

about 300 A over the surface off said first layer of TaN x ; and 

c) depositing a third layer of copper over the surface of said second layer of Ta, 
wherein at least a portion of said third layer of copper is deposited using a physical vapor 
deposition technique, and wnerein the substrate temperature at which said third layer of 
copper is deposited is less than about 500°C, 

wherein at least a portion of said first layer, or said second layer, or said third 
layer, or a combination theieof, is deposited using ion-deposition sputtering. 
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